and the conservation of energy equation
r t x at P x where u is the particle velocity; p, the density; p, the pressure; E, the specific internal energy; A, the area; q, the heat addition;
and F, the frictional force per unit mass of fluid. In addition to
(1) to ( 3 )D we shall assume that an equation of state of the form
exists; therefore dp (-.) dE + (4-.) dp
In regions where the properties u, p, and E are continuous, three equations of total differentials may be written, i.e.,
From the six equations (1) to (3) and (6), the six first derivatives of us p, and E, may be solved for and arranged in a quotient form, such as,
The vanishing of the denominator D yields three physical characteristics
where the I and II characteristics are the right traveling and left traveling Mach waves, and the III characteristics are particle path lines. Introducing the sound speed, c, defined by
where the derivative is taken at constant entropy, s; and keeping in mind the thermodynamic relationship T ds = dE -dp (11)
it may be shown that
The vanishing of N in Eq. (7) yields, after utilizing Eqs. (5) and (12), the state characteristics
along the I-characteristics (upper signs) and II-characteristics (lower signs), respectively; and p.dp
along the IllI-characteristics. where y is the ratio of specific heat , Eqs. (14) and (15) along I and II; and dp -dp-
Across a shock, the conservation of mass, momentum and energy leads to the following familiar equations:
where U is the shock velocity, and subscripts x and y refer to states In performing the numerical calculation, the characteristics equations, (13), (14), and (15) are written in finite-difference form, similar to those used in Ref. 4 . For the present impact problem, we assume that q, F, and dA all vanish.
III. NUMERICAL TECHNIQUE
A typical impact problem is demonstrated in Fig. 1 , which shows the physical plane of the decay of the shock front and the flow field behind it. The distance, x, is measured from the free surface of the striker plate at the instant of impact. The properties in regions 0, I, 2, and 3 are either given, or may be calculated from simple formulas. 1 The properties in region 5, which is bounded by the reflected head of the rarefaction wave BC, the tail of the rarefaction CE, and the shock front BD, are to be calculated by the method of characteristics. The rarefaction wave is divided into one hundred segments along BC, and the and (15), and Eqs. (5) and (12). This iterative process is repeated until the differences of u, p, and c at point 3 from two successive iterations are below a desired limit. A similar procedure was adopted for points on the shock front. This complete numerical iterative process is an extension of that present in Ref. 4 , which can be used for ideal gas only.
IV.
RESULTS

I
Calculations of the impact problem were made for five different materials, namely, aluminum, copper, and ideal gas with values of the ratio of specific heats y, equal to 1.1, 1. Table I .
Mvbar-cm For each material, a standard impact case was first calculated.
Other cases with the same equation of state, the same initial density and sound speed, but different initial velocity and striker plate thickness, were then calculated and results compared with the standard one. The initial condition for the five different materials are shown in Table II . The criterion used for late-stage equivalence is th-position of the shock front and the peak pressure distribution in the target.
Late-stage equivalence is assumed to exist if the position of the shock front in the (x,t) plane, as well as the peak pressure distribution for different impacts are the same. -ii- 
